ABSTRACT: Hepatitis C virus (HCV) infection is a major health problem recognized globally. HCV is a common cause of liver fibrosis that may lead to liver cirrhosis or hepatocellular carcinoma. The aim of this study was to estimate the prevalence of HCV infection and genotyping among Egyptian and Saudi Arabian chronic patients using different molecular techniques. HCV RNA viral load was assessed by real-time polymerase chain reaction (RT-PCR) technology. For HCV genotyping, RT-PCR hybridization fluorescence-based method and reverse hybridization line probe assay (INNO-LiPA) were used. A total of 40 anti-HCV-positive patients with chronic hepatitis C were examined for HCV RNA, genotyping, and different laboratory investigations. In the present study, HCV genotypes 4, mixed 4.1b, and 1 were detected in patients of both countries, while genotype 2 was only detected in Saudi Arabian patients. Genotyping methods for HCV showed no difference in the classification at the genotype level. With regard to HCV subtypes, INNO-LiPA assay was a reliable test in HCV genotyping for the detection of major genotypes and subtypes, while RT-PCR-based assay was a good test at the genotype level only. HCV genotype 4 was found to be the predominant genotype among Egyptian and Saudi Arabian chronic patients. In conclusion, data analysis for detecting and genotyping HCV was an important factor for understanding the epidemiology and treatment strategies of HCV among Egyptian and Saudi Arabian chronic patients.
Introduction
Hepatitis C virus (HCV) is an enveloped positive single-stranded RNA virus that causes chronic hepatitis and liver disease worldwide. 1, 2 It is estimated that around 200 million people are infected with HCV worldwide, with a prevalence of 3.3% of the world's population. 3 Individuals infected with HCV are at risk of developing liver cirrhosis and hepatocellular carcinoma (HCC). 4 The nucleotide sequence of the HCV genome is considered an important predictor of response to antiviral therapy. 5 HCV demonstrates a high degree of sequence variability, resulting in the formation of quasi-species. However, the levels of heterogeneity differ considerably among the various regions of the virus, ranging from 19% in the 5′ untranslated region (5′ UTR) to 50% or more in the E1 region. 6, 7 HCV's genome sequence is highly variable worldwide; six major types and approximately 80 subtypes have been recognized. 8 The nucleotide diversity is about 31%-33% among genotypes and 20%-25% among subtypes. 9 The region encoding envelope glycoproteins was the most variable when compared to the highly conserved 5′ UTR. 10 Genotype 1 is the predominant genotype in many geographic regions, including Europe and North America, where it accounts for 50%-90% of cases. Genotypes 2 and 3 are also widely distributed. Genotype 2 is relatively common in Europe, North America, and Japan. Genotype 3 is common in Southeast Asia, Australia, South America, and northern Europe, in particular in intravenous drug users. Genotype 4 is found mainly in Egypt, the Middle East, and central Africa, genotype 5 in southern Africa, and genotype 6 in Southeast Asia. Despite the fact that they differ from each other by more than 30% of the RNA sequence, pathogenic differences between genotypes have not been demonstrated, except for steatosis associated with genotype 3a. 11 However, because the genotype dictates the chance of therapeutic response and duration of treatment, genotyping has become fundamental in the clinical analysis of patients with hepatitis C.
11 Genotypes 2 and 3 respond favorably, reaching 75% sustained response (SR) to 24 weeks of treatment with PEGylated interferon and ribavirin, while genotype 1 responds poorly, at 50% SR even after 48 weeks of treatment. Suitable treatment regimen for genotypes [4] [5] [6] is not yet established. 11, 12 The methods developed to investigate HCV genotypes are based on molecular biology or serological techniques. The reference methods for genotyping are sequencing and phylogenetic analysis. 13 Although sequencing may be rationalized, [14] [15] [16] simplified methods are preferable in the clinical routine and for epidemiology studies. Such methods include genotype-specific polymerase chain reaction (PCR), 17 restriction fragment length polymorphism, 18 serotyping, 19, 20 and INNO-LiPA. 21, 22 Overall, there is an acceptable concordance between these methods. [23] [24] [25] Recently, real-time PCR (RT-PCR) on the Light Cycler instrument using hybridization probes has been applied for HCV genotyping. 26, 27 This report describes an alternative RT-PCR technique for simple and fast genotyping of HCV.
The prevalent genotype in Egypt is type 4, but other genotypes are also present. Genotype 4 was the commonest (73%) followed by genotype 1 (26%), and mixed infection was found in 15.7% of the studied samples. 28 Genotype 4 followed by genotypes 1a and 1b are predominant in Saudi patients, but genotypes 2, 3, 5, and 6 are rare. 29, 30 Concurrent infection with more than one genotype, referred to as mixed genotype, can be found in the circulation of some HCV-infected patients, particularly in drug abusers and individuals who have received multiple transfusions. 31 The rate of HCV mixed-genotype infections is variable in some groups of patients tested by different assays. 23 It is difficult to assess the true prevalence of mixed-genotype infections by currently available assays, including direct DNA sequencing, since they are designed to identify only the HCV genotype dominant in the population. 24, 32 As a result, genotypes present at lower proportional levels in a mix could be missed or mistyped. 33 Mixed infections with more than one genotype were observed in some studies. Two drugs have been approved for the treatment of chronic HCV infections. Interferon (IFN)-α has been approved for the treatment of compensated chronic hepatitis C. In addition, ribavirin, a guanosine analog, has been approved for use in combination with IFN-α. Recently, successful anti-HCV therapeutics such as sofosbuvir and ledipasvir have become available.
In the present study, we investigated the prevalence of HCV infection and genotyping among Egyptian and Saudi Arabian chronic patients using different molecular techniques. Our results showed no difference between genotyping molecular methods in classification at the genotype level. HCV genotype 4 was found to be the predominant genotype among Egyptian and Saudi Arabian chronic patients. The methods were accurate overall and provide an attractive alternative for HCV genotyping.
Patients and Methods
Study design and patient recruitment strategies. The study was conducted on 40 patients who were positive for anti-HCV by single enzyme-linked immunosorbent assay (ELISA). Recruitment of patients was random and in the absence of knowledge of HCV genotyping and subtypes. Our study was conducted on two different categories of patients; the first group comprised 20 patients (10 males, 10 females; mean age 50.35 years) from Alexandria Armed Forces Hospital in Egypt and 20 patients (14 males, 6 females; mean age 44.6 years) from King Fahd Specialist Hospital in Saudi Arabian. Informed written consent was obtained from each patient included in the study. The study protocol was approved by the ethics committee of the Alexandria Armed Forces Hospital, and the research was conducted in accordance with the principles of the Declaration of Helsinki. Overall samples were used for the establishment of the procedure for detection of HCV RNA, representing different HCV genotypes. All samples were genotyped by RT-PCR and line probe assay (INNO-LiPA), according to the manufacturer's instructions. For the HCV RNA-positive patients, blood samples were collected for different biochemical analysis, including alanine aminotransferase (ALT), aspartate aminotransferase (AST), bilirubin, platelets (PLTS), prothrombin time (PT), international normalized ratio (INR), and albumin. The whole blood sample (5 mL) was left to coagulate and then centrifuged at 3000 rpm/2100 × g for 10 minutes (Eppendorf centrifuge, model 5402). Serum was collected and stored in small aliquots at -80°C.
Serological detection of HCV. All serum samples were assayed for anti-HCV positivity by ELISA (third-generation ELISA, murex anti-HCV version III, VK 47), following the manufacturer's instructions. Briefly, diluted samples or controls were loaded into a 96-well plate precoated with a recombinant HCV-specific antigen. The plate was then incubated for one hour at 37°C to allow for the formation of the Ag-Ab complex. The plate was washed, the conjugate was added, and the plate was incubated for 30 minutes at 37°C. After incubation, plate was washed and a TMB substrate solution (colorimetric microwell substrates HRP applications-based immunoassays) was added for detection. Finally, the reaction was stopped using H 2 SO 4 , and the colorimetric signal was measured by absorbance at 450 nm using a spectrophotometer (Multiscan "Plus" DASIT SPA).
Biochemical tests. To 500 μL of ALT or AST, reagent 1 was added 100 μL of serum or blank in the test tube. The tube was mixed and incubated for 30 minutes at 37°C. Then, 500 μL of ALT or AST reagent 2 was added to the tube, and the tube was mixed and incubated for 20 minutes at 37°C. After the incubation, 500 μL of sodium hydroxide was added to the tested tube. The reaction was measured for the absorbance of each at 546 nm after five minutes.
To measure bilirubin, 200 μL of reagent 1, one drop of reagent 2, 1000 μL of reagent 3, and 200 μL of serum samples or blank were added in the tested tube. The tube was mixed and incubated for 10 minutes at 20-25°C. After incubation, 1000 μL of reagent 4 was added. The reaction was measured for absorbance of each sample at 578 nm (560-600 nm), and the color intensity was stabled for 30 minutes.
Molecular detection of HCV. RNA extraction. Viral RNA was extracted using a viral RNA mini kit according to the manufacturer's instructions by using spin column protocol (Applied Biosystems). Briefly, 560 μL of prepared viral lysis buffer (AVL) containing carrier RNA and 140 μL of serum were pipetted together in a 1.5-mL microcentrifuge tube and incubated at room temperature for 10 minutes. Then, 560 μL of ethanol (97%) was added to each sample and mixed by pulse-vortexing for 15 seconds. Next, 630 μL of the previous solution were carefully applied to the QIAamp spin column (in a 2-mL collection tube) and centrifuged at 8000 rpm/10.017 × g (Eppendorf centrifuge, model 5402) for one minute. The QIAamp spin column was placed into a clean 2 mL collection tube, and 500 μL of AW1 buffer was added and centrifuged at 8000 rpm/10.017 × g for one minute. The QIAamp spin column was placed again in a clean 2 mL collection tube, and 500 μL of buffer AW2 was added and centrifuged at full speed, 14000 rpm/20.913 × g for three minutes. Finally, 60 μL of AVE buffer was added, equilibrated to room temperature for one minute, then centrifuged at 8000 rpm/10.017 × g for one minute. The total HCV RNA was extracted and collected in sterile vials for amplification.
RT-PCR of HCV.
A RT-PCR test was done using RT-PCR reagents that constitute a ready-to-use system for the detection of HCV RNA by PCR in a Stratagene' Mx3000P quantitative RT-PCR system. The HCV RT-PCR kit included reagents and enzymes for the reverse transcription and specific amplification of a specific region of the HCV genome in a fluorescence detector FAM (reporter dye). The kit has a second heterologous amplification system to identify possible PCR inhibition. TaqMan Universal PCR Master Mix 2-fold (Applied Biosystems) was added including an optimized RT-PCR buffer, MgCl 2 , Taq DNA polymerase, and stabilizers. HCV-RNA was amplified by RT-PCR using primers KY80 (5′GCAGAAAGCGTCTAGCCATGGCGT) and KY78 (5′CTCGCAAGCACCCTATCAGGCAGT) targeting the 244-base region located within the highly conserved 5′ noncoding region of the HCV genome. The reaction took place under stander thermal profile: incubation at 48°C for 30 minutes to transcribe viral RNA to cDNA by RT. This was followed by AmpliTaq gold activation at 95°C for 10 minutes. Denaturation was performed at 95°C for 15 seconds, followed by annealing and extension at 60°C for one minute with end point fluorescence detection. 34 The fluorescence intensity increases proportionally with each amplification cycle in response to the increased amplicon concentration. This allows quantification of the template to be based on the fluorescent signal during the exponential phase of amplification, before limiting reagents, accumulation of inhibitors, or inactivation of the polymerase has started to have an effect on the efficiency of amplification. Software provided in the computer system should connect to the apparatus allowing real-time amplification plots to be viewed and to be analyzed during the PCR run.
HCV genotyping. Our samples were genotyped using both the RT-PCR hybridization fluorescence-based method and reverse hybridization line probe assay (INNO-LiPA).
RT-PCR, genotyping. HCV RNA-positive samples were genotyped using an HCV real-time genotype kit (AmpliSens® HCV-genotype-FRT PCR kit). It was able to detect HCV genotypes 1a, 1b, 2, 3, and 4, following the manufacturer's instructions. Briefly, a 5 μL of a sample of cDNA, 4 μL of TaqF polymerase, and 6 μL of each PCR mix (PCR-mix-1-FRT HCV 1b/3, PCR-mix-1-FRT HCV 1a/2, and PCR-mix-1-FRT HCV 4/IC) were distributed on a MicroAmp® Optical 96-Well Reaction Plate. The PCR reactions were done in a 7500 Fast Real-Time PCR System (Applied Biosystems, Roche). Fluorescence curves were analyzed with Fast 7500 Sequence Detection Software v2.1 (Applied Biosystems, Roche) using the following cycling parameters: 50°C for two minutes; 95°C for 10 minutes; and 40 cycles at 95°C for 15 seconds, 50°C for 30 seconds, and 60°C for one minute. The total time required for performing this assay was only two hours, as previously described. 35 INNO-LiPA II, genotyping. The line probe assay was to assess HCV genotypes using the versant HCV genotype 2.0 assay (LiPA), which is based on genotype-specific oligonucleotides from the 5′ UTR that are immobilized on a nitrocellulose strip. The 5′ UTR core region of HCV was amplified using RT-PCR, and the oligonucleotides were probed with a biotin-labeled 5′ UTR amplicon. The labeled amplicon was allowed to hybridize and mounted on a strip. After stringent washing, streptavidin labeled with alkaline phosphatase was used to trace the hybridized products, and BCIP/NBT chromogen was used as a substrate according to the manufacturer's instructions. The probe reactivity patterns were interpreted using the chart provided by the manufacturer.
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Statistical analysis. A simple linear regression model was used to determine the relationship between RT-PCR and different clinical parameters. The Pearson product-moment correlation coefficient (r) was calculated to measure the degree of that relationship, and testing the significance of r was also carried out at P = 0.05. The analysis was applied using SigmaPlot® 12.5 software. The analysis of variance model was used to test for the significance of resulting slopes of each regression line; and model of analysis of co-variance (ANCOVA) was applied to compare regression slopes of patients' levels (Egyptian and Saudi) using adjusted (ie, least squares) means to determine if the slopes were significantly different from each other. 37 Descriptive statistics for patients' age (n = 20/ level) were represented by a box plot constructed in SigmaPlot® 12.5. To determine the differences in HCV genotypes between Egyptian and Saudi patients, as detected by RT-PCR and INNO-LiPA, a two independent-samples t-test, with two-tailed alternative hypothesis (Egyptian patients' genotype ≠ Saudipatients' genotype) was applied using SigmaPlot® 12.5 software extended with the statistical package. For any genotype that appeared once, a one-sample t-test, with single genotype as the hypothesized value, was applied to compare the single genotype with those detected in other patients.
Results
A total of 40 diagnosed HCV-positive cases, confirmed by RT-PCR for quantitative HCV RNA assay, were analyzed for HCV genotyping by RT-PCR and INNO-LiPA. Of the 40 patients included in the study, 20 (50%) were Egyptian and 20 (50%) were Saudi Arabian. The age was roughly symmetric around the median of Egyptian patients (49.50 years) with a minimum and maximum range of 32-76 years and Saudi patients (46 years) with a minimum and maximum range of 22-59 years (Fig. 1) .
Both RT-PCR and INNO-LiPA as genotyping methods have identified variations among Egyptian and Saudi Arabian patients for HCV genotypes and subtypes. HCV genotypes 4, mixed 4.1b, and 1 were detected in patients of both countries, while genotype 2 was only detected in Saudi Arabian patients. With regard to HCV subtypes, INNO-LiPA assay was a reliable test in HCV genotyping for the detection of major genotypes and subtypes, while RT-PCR-based assay was a good test at the genotype levels only. HCV subtypes 1a; 4a,4c,ad; and 4e were detected in Egyptian patients, while subtypes 1a; 1b; 4a,4c; 4c,4d; 4a,4c,4d; 4e; and 4a,4c,4d,1 were detected in Saudi Arabian patients ( Table 1 ). The present study found that HCV genotype 4 was the predominant genotype among Egyptian and Saudi Arabian chronic patients. Of the Egyptian samples, 17/20 (85%), 2/20 (10%), and 1/20 (5%) were genotypes 4, mixed 4.1b, and 1, respectively. Of the Saudi Arabian samples 12/20 (60%), 5/20 (25%), 2/20 (10%), and 1/20 (5%) were genotypes 4, 1, mixed 4.1b, and 2, respectively (Fig. 2) . (P = 0.0426). No significant differences were detected between the two patients' levels at other HCV genotypes (Fig. 3) . The viral load for HCV subtypes 4a, 4c, and 4d in Egyptian patients was significantly lower than in Saudi patients (P , 0.001). No significant differences were detected between the two patients' levels in other HCV subtypes (Fig. 4) . Table 2 shows the linear regression model for relationship between RT-PCR tested for HCV RNA viral load and the other biochemical analyses for patients included in our study, which were ALT, AST, bilirubin, PLTS, PT, INR, and albumin. Our results showed that a significant positive relationship was detected between RT-PCR and bilirubin in Egyptian patients (r = 0.4560; slope = 1078557.2; P = 0.043). However, no significant relationships were detected between RT-PCR and other biochemical tests from Egyptian and Saudi patients (Fig. 5) . Testing the variations between slopes of regression lines by ANCOVA revealed no significant differences between slopes of age ( 
Discussion
Genotyping of HCV has been regarded as a fundamental factor for treatment, prognosis, and prediction in clinical management, 38 so that to begin the treatment and then follow-up are in accordance with the virus genotype. Table 2 . shows the linear regression model for relationship between rT-Pcr tested for hcV rna viral load and different clinical data for patients included in the study. Our results showed that a significant positive relationship was detected between RT-PCR and bilirubin in egyptian patients (r = 0.4560; slope = 1078557.2; P = 0.043). However, no significant relationships were detected between RT-PCR and other measurements from egyptian and saudi patients. The length of the therapy is also influenced by genotypes. 5, 11 Recent studies have shown that the distribution of HCV genotypes varies in different geographical regions. Thus, determination of the predominant and less prevalent genotypes and subtypes of HCV in various areas has a fundamental role. The interest for identifying HCV genotypes is increasing worldwide. 39 The identification of different HCV genotypes, subtypes, and isolates is helpful in understanding the evolution and the epidemiology of the virus in relation to patient's age, area, risk factors, and degree of liver disease. 40 Although sequence analysis is considered the gold standard for HCV genotype determination, it is expensive, time consuming, and inconvenient for routine use. Analysis of the 5′ UTR by the RT-PCR hybridization fluorescence-based method and reverse hybridization line probe assay (INNOLiPA) provides a fast, cheap, and easy method for determination of the HCV genotype and subtypes. 41 To date, there are only a few comparison studies of these two tests and most of them are reported from Europe and North America. 42, 43 Our study was the first comparison between these two methods using clinical samples from Egypt and Saudi Arabia. This study analyzed 40 HCV-positive samples for genotyping. The results indicated that HCV genotypes 4, mixed 4.1b, and 1 were detected in patients of both countries, while genotype 2 was only detected in Saudi Arabian patients. HCV genotype 4 was found to be the predominant genotype among Egyptian and Saudi Arabian chronic patients. With regard to HCV subtypes, INNO-LiPA assay was a reliable test in HCV genotyping for the detection of major genotypes and subtypes, while RT-PCR-based assay was a good test at the genotype levels only. This finding was consistent with recent studies performed in Egypt and Saudi Arabia, all of which reported that the distribution of HCV genotypes varies in different geographical regions, and HCV genotype 4 was found to be the predominant genotype among Egyptian and Saudi Arabian chronic patients. 29, 30, [43] [44] [45] [46] [47] In contrast, other results suggest that HCV genotyping of the 5′ UTR cannot accurately distinguish genotypes 1a and 1b. 41, 48 Our results showed that HCV subtypes 1a; 4a,4c,4d; and 4e were detected in Egyptian patients, while subtypes 1a; 1b; 4a,4c; 4c,4d; 4a,4c,4d; 4e; and 4a,4c,4d,1 were detected in Saudi Arabian patients. The lack of agreement reported in this study at the subtype level is not surprising considering the high diversity of genotype 4, especially in the Egyptian and Saudi Arabian populations as previously shown by others. 49, 50 Comparing serotyping and genotyping methods, the detection of a large number of individual mutated strains by hybridization assay such as INNO-LiPA in a single test was accurate and reliable for HCV genotypes and subtypes. 42 Overall, the RT-PCR hybridization fluorescence-based method was also accurate and correctly identified all samples belonging to HCV genotypes 1-4. These results are similar to those reported by another study using the 5′ UTR with a type agreement of 99.5%. 48, 51 Mixed HCV with more than one genotype was observed in some studies with higher prevalence rates in multipleexposure groups, such as hemophiliacs, patients on chronic hemodialysis (HD), and injection drug users. 47, 52, 53 In the present study, the prevalence of mixed HCV genotype was seen in our patients from both countries, indicating the contribution and association of various risk factors to the clinical profile and disease progression in different patients. This finding was consistent with studies performed in Egypt, 52 Saudi Arabia, 46 Serbia, 53 Hong Kong, and China. 54 The prevalence of HCV infection identified by quantitative RT-PCR among Egyptian and Saudi Arabian patients was assessed. Our results showed that the viral load for genotype 4 and subtypes 4a,c,d in Egyptian patients was significantly lower than in Saudi patients (P = 0.0426 and P , 0.001, respectively). No significant differences were detected between the two patient groups' levels for other genotypes and subtypes. These results are similar to those reported by another study, which showed a high prevalence of genotype 4 for HCV infection amongst a Saudi sample group, with high viral load. 55 In that study, 22% of chronic hepatitis C (CHC) patients progressed to cirrhosis and another 22% had treatment; liver-related mortality was more common in patients with advanced cirrhosis. In the same context, there are current findings confirming the corrected prevalence of HCV-4 in Saudi Arabian to be at least 97.6%, greater than the previously reported prevalence observed among the Saudi population. Further, it was found that most Saudi patients are infected with a single subtype of HCV 4, without genetic variability. This suggests a recent circulation of a single HCV 4 strain among Saudi patients. 44 The linear regression model for the relationship between RT-PCR testing for HCV RNA viral load and different clinical data was assessed. Our results showed a significant positive relationship between RT-PCR and bilirubin in Egyptian patients (r = 0.4560; slope = 1078557.2; P = 0.043). However, no significant relationships were detected between RT-PCR and other measurements from Egyptian and Saudi patients. This finding is in agreement with another study that showed elevation in the level of bilirubin in Egyptian HCV patients, in comparison with HCV RNA identified by RT-PCR. 56 In conclusion, HCV genotyping employed methods showed no difference in the classification at the genotype level. The employed methods were accurate overall and provided an attractive alternative for HCV genotyping. HCV genotypes 4, mixed 4.1b, and 1 were detected in patients of both countries, while genotype 2 was only detected in Saudi Arabian patients. HCV genotype 4 is found to be the predominant genotype among HCV-infected Egyptian and Saud Arabian patients. The data analysis for detecting and genotyping HCV provides precise genotype and subtype identification and an accurate epidemiological representation of circulating viral strains among Egyptian and Saudi Arabian chronic patients.
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